In transmission electron microscopy (TEM), silicon nitride (SiN) films are widely used as sample-supporting films owing to their robustness. We fabricated large-scale SiN films deposited by low-pressure chemical vapor deposition (LPCVD). This preparation method is advantageous for large window areas, since it yields films with control over properties such as tension and thickness. We fabricated large SiN windows for mounting large ultrathin sections and for acquiring large-area TEM images. Thus, sample sections sliced by conventional sample preparation techniques were successfully mounted on these sample-supporting films. We successfully obtained a 680 × 250 μm 2 TEM montage image of a whole Drosophila embryo.
In transmission electron microscopy (TEM), thin films are used for supporting various samples. In recent years, several studies have sought large window-sized supporting films, in order to observe large fields of view and fine structures simultaneously [1] [2] [3] . The requirement to treat large volumes of data from these fields is becoming common, along with the realization of modern digital imaging devices and software for acquisition and handling of such data. For these purposes, it is crucial to fabricate large-area sample-supporting films, because it is preferable to acquire a large image of a sample section on a supporting film with uniform thickness. These sample-supporting films need to be amorphous, resistant to beam irradiation and accumulation of electron charge, robust for tensile stress and highly transmitting. Silicon nitride (SiN) films have commonly been used for sample-supporting or separating windows between gas and vacuum, owing to their robust mechanical properties and transparency for electrons [4] [5] [6] [7] . In our experiments, an SiN film was fabricated by low-pressure chemical vapor deposition (LPCVD), which is a wellestablished method among semiconductor processes. This method allows control of the film characteristics such as thickness and tension. The SiN film prepared thus is considered advantageous for extension of the window size of sample-supporting films.
Initially, we clarified the relationship between the thickness of the SiN film and the TEM image quality to determine the allowable and appropriate film thickness. As reference samples, we prepared sample-supporting films made of conventional formvar and SiN. The tested films were 80-nm-thick formvar, 30-nm-thick SiN and 100-nmthick SiN. The fabrication process for the SiN film is shown in Fig. 1 . The fabricated window was surrounded by a 200-μm-thick Si frame. For the test sample, myelins in frog axons were selected. Frog axons were prefixed with 2.5% glutaraldehyde in 0.1 M sodium cacodylate (pH 7.2) and postfixed with 1% osmium tetroxide solution. The fixated samples were dehydrated with ethanol series, and embedded using Epon 812 resin. Embedded samples were sliced at 70 nm using an ultramicrotome (Leica UC6, Germany). Sections that were floating on the knife boat were scooped up either by the SiN window chip or by a conventional grid with formval film and mounted. The SiN window chips were thicker than the conventional grids; however, there was no influence from scooping of the sections. The thin samples were stained by uranyl acetate and lead citrate. TEM images were acquired under the same irradiation conditions using a 120-kV transmission electron microscope (JEM-1400Flash with a sCMOS 'Matataki Flash' camera; JEOL Ltd., Japan). By using the layers of myelin sample on each TEM image, the definition contrast in each TEM image was measured and compared. To calculate the definition contrast, the following relation was used:
The square root of I Max represents the fluctuation of the background, and I Max − I Min represents the amount of signal from the objects. Namely, the definition contrast is a ratio of the object signal to the background fluctuation; in other words, it is the detection capability of an object in an image. Figure 2 shows the TEM image of myelins in frog axons prepared according to a conventional preparation method [8] on each sample-support film with the measured definition contrast value. From this image, it was confirmed that the definition contrast is almost the same for the 80-nm-thick formvar film and 30 nm-thick SiN film. Therefore, the 30nm-thick SiN film shows an image quality equivalent to the conventional 80-nm-thick formvar film. Next, we investigated how wide a self-standing large area of the SiN film can be fabricated with a 30 nm thickness. For the SiN window size, the length was varied from 1 to 5 mm with an increment of 1 mm, while the width was fixed at 2 mm. Via fabrication under the above conditions, it was confirmed that even a 5 × 2 mm 2 area (as shown in Fig. 3 ) could be produced.
Finally, we attempted to mount large ultrathin section series on the SiN sample-supporting film and acquire a large-area TEM image (Fig. 4) . The SiN sample-supporting film was fabricated as a 2 × 1 mm 2 -sized window for the sample mounting. The sample was Drosophila early embryo (stages 4-5) [9] . A general TEM sample preparation method was used [10] . First, the chorion of the embryo was removed by bleach. Then, the sample was preliminarily fixed using heptane and 2.5% glutaraldehyde in 0.1 M sodium cacodylate solution (pH 7.2). After that, the vitelline membrane was removed by manipulation with a needle. The sample was postfixed with 1% osmium tetroxide solution. After dehydration with ethanol from the solution, the sample was embedded in Epon 812. The embedded embryo was sliced to a thickness of 70 nm with an ultramicrotome (Leica UC6). The size of each ultrathin section was 680 × 250 μm 2 . After mounting on the SiN sample-support film, the sample was stained with uranium acetate and lead citrate. A large-area TEM image of the large section was obtained with an automontage system (Limitless panorama) attached to a 120-kV transmission electron microscope (JEM-1400Flash, JEOL Ltd., Japan). Observation conditions for each captured TEM image are listed as follows: number of pixels = 2k × 2k, pixel size on the sample plane = 17.2 × 17.2 nm 2 . A large-area TEM image sized 680 × 250 μm 2 was reconstructed from 184 TEM images (23 × 8). Thus, we succeeded in obtaining a TEM montage image of the entire Drosophila embryo while maintaining a level of resolution that can recognize the nuclear membrane and mitochondrial cristae. We confirmed that the conventional sample preparation method (mounting and staining ultrathin sections) is applicable to the SiN sample-supporting film. It is difficult to acquire large-area TEM images by a conventional grid with other sample-supporting films due to wrinkling and deflection. Furthermore, the number of mountable sections is limited by the size of a single hole grid, thus requiring some ingenuity to mount serial sections on many single hole grids to observe serial sections [11] . In contrast, it was possible to simultaneously mount many more sections by using the large SiN sample-supporting film. We fixed the SiN window chip in the knife boat using a manipulator and pulled it slowly, and many serial sections were easily mounted on the SiN film at once. We therefore believe that correlative light and electron microscopy and array tomography could be made much easier using the demonstrated SiN samplesupporting film.
